Three trials were conducted with 252 pigs to determine the effects of the dietary additions of Cu (250 ppm as copper sulfate), with and without sulfide (500 ppm as ferrous sulfide), and antibiotics (55 ppm chlortetracycline or 27.5 ppm virginiamycin) on the performance and liver Cu stores of growingfinishing pigs. Single additions of Cu, chlortetracycline or virginiamycin to a 16% protein, corn-soybean meal-based diet improved daily gains by 4.0, 4.2 and 3.4% and feed to gain ratios by .3, 2.9 and 1.3%, respectively, in comparison with those of pigs fed the control diet. The addition of ferrous sulfide to the high Cu diets reduced liver Cu stores from 278 to 21 ppm, a level approaching that of the control pigs, and increased the growth response to supplemental Cu by 4.0%. The inclusion of both Cu and an antibiotic in the diet in the absence or presence of sulfide resulted in daily gains and feed to gain ratios similar to those of pigs receiving a single antimicrobial agent. These data suggest that the growth-promoting effects of Cu and chlortetracycline or Cu and virginiamycin are not additive in the growing-finishing pig allowed to consume feed ad libitum.
Introduction
Over the past 30 years, inclusion of high levels of Cu or subtherapeutic levels of antibiotics in the diet has been shown to improve growth rate and efficiency of feed utilization by growing-finishing pigs (Braude, 1975; Hays and Muir, 1979) .
Research with weanling pigs has indicated that the effects of Cu and antibiotic supplementation are additive (Beames and Lloyd, 1965; Beames, 1969; Stahly et aL, 1980) . However, in growing-finishing pigs, in which the growth response to antimicrobial agents is less than that in weanling pigs, additive effects of the dietary combination of Cu and antibiotics have not been demonstrated consistently (Braude, 1967) .
The marked accumulation of Cu in liver tissue of pigs fed high levels of Cu over an extended period has been suggested as a possible cause of the low growth response to Cu by the finishing pig. Although Prince et al. (1979) demonstrated that ferrous sulfide reduced the buildup of liver Cu stores in pigs fed 250 ppm supplemental Cu, its effect on the growth response to supplemental dietary Cu has not been well documented.
The objectives of the present studies were: (1) to determine the effects of dietary inclusion of Cu (250 ppm) and antibiotics (55 ppm chlortetracycline or 27.5 ppm virginiamycin), individually and in combination, on the performance of growing-finishing swine; (2) to study the effects of these dietary additions on liver Cu stores, and (3) to further evaluate the effects of adding 500 ppm of sulfide, as ferrous sulfide, on the liver Cu and Fe levels and growth response of pigs fed 250 ppm Cu. and two gilts were allotted to each pen, and the pen served as the experimental unit.
The pigs were housed in 6.7 • 1.2 m concrete-floored pens in open front buildings. Pigs were allowed to consume water and feed ad libitum. Individual pig weights and feed consumption for each pen were determined at 2-week intervals. A 16% crude protein, corn-soybean meal-based diet was fed throughout the experimental period (table 1) . Each replication of pigs was slaughtered as a group a minimum of 6 days after the end of the experiment so that withdrawal requirements for the level of virginiamycin fed would be met. All pigs were fed the control diet from the end of the experiment until slaughter. Liver samples were taken from the medial lobe and analyzed for Cu (all trials) and Fe (trials 2 and 3) by methods described by Kline et al. (1971) .
In Exp. 1, 72 pigs averaging 17.4 kg in weight and 65 days of age were allotted to six dietary treatments, which consisted of a factorial arrangement of three antibiotic treatments (no antibiotic, 55 ppm of chlortetracycline 4, 27.5 ppm of virginiamycin s) and two levels of added Cu 6 (0 or 250 ppm). The experiment was terminated after an average of 105 days, at which time the pigs averaged 95 kg body weight. Pigs were slaughtered and livers sampled either 7 (replications 1 and 2) or 13 (replication 3) days after termination of the test.
In Exp. 2, 72 pigs averaging 19.9 kg body weight and 66 days of age were allotted to the same six dietary treatments used in Exp. 1, except that 500 ppm of sulfide in the form of ferrous sulfide was added to all Cu-supplemented diets. The experiment was terminated after 102 days, at which time the pigs averaged 90 kg body weight. Pigs were slaughtered and livers sampled 20 days after the termination of the test.
In 19.09 Dicalcium phosphate 1.25 Ground limestone .80 Salt, iodized . ments (no antibiotics, 55 ppm of chlortetracycline, 27.5 ppm of virginiamycin) and three Cu treatments (no Cu, 250 ppm Cu, 250 ppm Cu plus 500 ppm sulfide). The experiment was terminated after 92 days, at which time the pigs averaged 93 kg body weight. Pigs were slaughtered 6 days after the termination of the test.
Data were subjected to factorial analyses by variance methods according to the Statistical Analysis System methods of Barr and Goodnight (1972) . A significant interaction between Cu and antibiotics was interpreted as meaning that the responses to Cu and antibiotic were nonadditive in nature.
Results
Exp. 1. The addition of Cu to the diets (averaged across all antibiotic treatments) resulted in an increase (P<.05) in daily gain (693 vs 633 g) during the growing phase (17 to 45 kg body weight, table 2). The addition of an antibiotic to the diet, regardless of source, also tended to increase the growth rate (672 vs 645 g/day) of pigs over that of controls during the growing phase. For the entire test period, pigs fed Cu or antibiotics tended to gain faster than those fed the nonmedicated diet; however, the main effect of Cu or antibiotic addition was not significant. A Cu • antibiotic level interaction (P<.05) was observed for daily gain during the growing phase and during the entire experiment. The pattern of the interaction indicated that the addition of Cu and antibiotics in combination had no greater effect on growth rate than did the single addition of either antimicrobial agent. Pigs fed diets supplemented with Cu and(or) antibiotics tended to require less feed per unit of gain from 17 to 45 kg, but the differences were not significant. The inclusion of antibiotics in the diet improved (P<.05) efficiency of gain to 95 kg body weight, but the dietary addition of Cu did not. Liver Cu stores were increased (P<.01) by the inclusion of Cu in the diet, particularly in pigs fed the combination of Cu and chlortetracycline.
Exp. 2. Daily gains and efficiency of feed utilization either to 48 kg or to 90 kg body weight were not affected (P>.10) by any dietary treatment (table 3) . However, during the growing phase (to 48 kg), gains tended to be higher for pigs fed diets supplemented with Cu and(or) antibiotics than for those fed the control diet (668 vs 593 g/day). Liver Cu levels were similar for all dietary treatment groups, apparently a result of the combined effects of a long withdrawal period and the addition of ferrous sulfide to the diet. Liver Fe levels tended to be higher in pigs fed Cu and ferrous sulfide.
Exp. 3. Additions of Cu and(or) antibiotics
to the diet did not alter (P>.10) daily gain and efficiency of feed utilization to either 61 or 91 kg, but pigs fed the nonmedicated diet tended to be the least efficient (table 4) . Liver concentrations of Cu were higher (P<.01) and liver Fe concentrations were lower (P<.05) in pigs receiving supplemental Cu. The addition of ferrous sulfide to the Cu-supplemented diets decreased (P<.01) liver Cu stores and increased (P<.01) liver Fe stores.
Exp. 1, 2 and 3; Combined Analysis. The pooled results for the three experiments are presented in table 5. The pooled data were analyzed as an incomplete block, with treatment means adjusted for experiment. The error term used to test treatment effects was the treatment • replication within experiment. Although there were differences (P<.01) between experiments in daily gain and feed to gain ratio, the interaction between treatment and experiment for these traits was not significant.
Pigs fed diets containing Cu, averaged across all antibiotic treatments, grew faster (P<.01) during the growing phase (714 vs 676 g/day) than pigs not fed Cu. Over the entire experiment, gains were not affected (P>.10) by Cu supplementation (731 vs 728 g/day). Pigs fed Coeffioent of variation (100 s/Z).
a combination of Cu and sulfide tended to gain faster over the entire experimental period (737 vs 728 g/day) than did those fed Cu without sulfide. Antibiotic supplementation, averaged across all Cu treatments, did not influence (P>.10) growth rate or feed efficiency to either 53 or 93 kg body weight.
The Cu x antibiotic interaction was signifi- 
Discussion
As expected, high dietary levels (250 ppm) of Cu or subtherapeutic levels of chlortetracycline (55 ppm) or virginiamycin (27.5 ppm) were found to improve growth rate of growingfinishing pigs. Single dietary additions of Cu, averaged across sulfide levels, improved the rate and efficiency of gain in pigs from 17 to 93 kg by 4.0 and .3%, respectively, compared with those of pigs fed the unmedicated control diet. The single additions of chlortetracycline and virginiamycin resulted in 4.2 and 3.4% increases in daily gain, respectively, and 2.9 and 1.3% improvements in efficiency of feed utilization over the entire test period. These responses in pig performance are slightly less than the 5.7 and 8.1% improvements in daily gain and 2.6 to 5.4% improvement in feed to gain ratios reported by Braude (1967) and by Hays (1979) in summaries of the growthpromoting effects of these three antimicrobial agents in growing-finishing swine. However, our finding that the growth response to high levels of Cu was equal in magnitude to the responses to subtherapeutic levels of antibiotics is in agreement with the results reported by Braude (1967) .
Our observation that the dietary inclusion of ferrous sulfide, which minimized liver Cu accumulation, accentuated the pig's growth response to high levels of dietary Cu is in agreement with the work of Cromwell et al. (1978) , who reported a similar response to sodium sulfide. These data suggest that the low growth response to supplemental Cu normally observed in finishing pigs (Braude, 1967) may be associated with the Cu buildup in liver tissue of animals fed high levels of Cu over an extended period.
The dietary combination of Cu and chlortetracycline did not improve growth rate from 17 to 93 kg over that obtained with Cu or chlortetracycline alone (738 vs 738 and 740 g/day); nor did the combination of Cu and virginiamycin, as compared with the single additions of the antimicrobial agents alone (716 vs 734 and 738 g/day). These findings are not in agreement with previouswork conducted at this station, in which the growth-promoting effects of these same antimicrobial agents were found to be additive in the weanling (Stahly et al., 1980) and growing pig (Aviotti et al., 1980) .
The results of the present study, however, are not greatly different from those of the majority of the trials in which pigs have been fed to market weight, in that the dietary combination of Cu and antibiotics has not been found to consistently increase the rate and efficiency of gain of finishing pigs over the same measures for animals fed a single antimicrobial agent (Barber et al., 1955 (Barber et al., , 1960 (Barber et al., , 1978 Lucas and Calder, 1957; Wallace et al., 1960; Braude et al., 1962; Miller, 1969; Thomas and Kornegay, 1973) .
The fact that the response to the single versus the combined additions of Cu and antibiotics in the present studies was not substantially influenced by the presence of ferrous sulfide in the diet suggests that the absence of an additive growth response to the combination of Cu and antibiotics in the finishing pig is not due to the buildup of liver Cu stores resulting from Cu supplementation.
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